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Production of zeaxanthin by Phaff ia j 
The present invention relates to prod^iction of xanthophyD carotenoids, espedaDy 

zeaxanthin and P-cryptoxanthin by mficroorganism belonging td'genus Phaffia. 

i * 1 ■ 

More particularly, the present inventidn provides a process for pf-oducing xanthophyll 
carotenoids, especially zeaxanthin and 3-ciorptoxanthin by genetically modified re- 
combinant microorganism belonging to genus Phaffia. \ 

; i • I 

By usmg methods of the present invention,' it becomes possible to produce the useful 
xanthophyll carotenoids ptfier flian astaxarithin such as 2eaxanthin and P-cryptoxanthin 
as a major xanthophyll carotcnoid in Ihe recombinant microorganism belonging to the 
g<snas Phaffia. I ■ • ? 

Any strain Which is able to produce P-.carotene can be a suitable ^ibst strain. When the 
selected host strain is a normal PAi#it;strain ivhich is capable of producing astaxanthin 
from P-carptene, production of mixture of^staxanthin and othe^xanthophyU carotenoids 
can be achieved after introduction and; expression of a gene codiilg for P-carotene 
hydroxylase- On the Other hand, when a stf ain which can not produce astaxanthin and is 
accumulating p-carotene is selected ^ -the host strain, it is expected to produce maximum 
level of xanthophyll carotenoids such ^ zeakanthin and P-crypto^canthin, without accu- 
mulation of astaxanthin. Such ahost strain; which accumulates pUrotene can be 
obtained by mutagenesis of a strain of P. rhodozyma accumulating astaxanthin. 
Alternatively, such a host strain accumulating P-carotene can alsd be obtained by 
deactivating astaxanthin synthase which is an enzyme involved ii^the biosynthesis of 

Hei/fin; 27.i39.2002 ' j . 
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astaxanthin from P-carotene and is difclosed in US 6,36S>386. Disruption of the gene of 
astaxanthin synthase will be one of the most convenient ways to Reactivate the en-^yme. 



Furthermore, such a host strain accumulating ^-carotene can also be obtained from public 
type culturfe collections. E.g., P. rhodokyma,ATCC96Sl5 accumulating ^-carotene can be * 
\ 5 purchased from American Type Culture Ckillection (P.O.B0X 1549, Manassas, VA 20108, 

• USA)» Isolating a new ^-carotene accumulating strain of P. rhodqzym^* ^hich may be a 

• derivative or a spontaneous mutant of .astaxanthin producing strain, from nature will be 
r another approach to prepare the host strain of the present invent(on. 

;: . •■ • M 1 • 

^ An aspect of the present invention is a process for producing zea^cianthin and p-crypto- 

10 xanthin which comprises cultivating a recombinant Phaffia strain- which is expressing 
^-carotene hydroxylase, '1; 1 

: : . . I 1 r ' . 

Said P-cardtene hydroxylase catalyzes hydroxylation of P~carotenp at positions 3 and 3' on 
I the p-ionoiie ring to produce the xantHophyll, zeaxanthin via P-cryptoxanthin.. Genes en- 

r coding this enzyme have been isolated from several species, e.g., crtZ from Flavobc^cterium 

15 Species (US* 6,124, 113), crtZ from Erwinia ufedovora^ crtZ from Brwinia herbicolay crtZs 
from marine bacteria, Agrobacterium aiirantiacum and Alcaligenes^^&p.y and Paracoccus 
marcusii (GenBank accession No. Yl5ri2, 1^97), and PflracoccM5 carotinifadens sp,nov. 

. P-carotene hydroxylase genes can also be obtained from plant speHes.^ 

) ; I 
? 5 • \ 

In the present invention, any gene encoding a protein having the p-carotene hydroxylase 

20 activity can.be used, 1 ^ ' 

f Preferably, said P-carotene hydroxj^se gen^ can be obtained from a microorganism 

: * « J 

I selected from microorganisms of the gen^rs^J^tavobacterium, Erwinia* Agrobacterium, 

• ' i ] 

/. AlcaligeneSy and Paracoccus having the p-caxotene hydroxylase gene. 



More preferably, said p-carotene hydroicjrlase gene can be obtainecl from Flavobacterium 
25 sp. R1534 WT (ATCC21588) (GenBank accession No. U62808)> 4 uredir/ora ATCC19321 
(GenBanlc a^ccession No. D900&7), R hhrbicola ATCC39368 (Gen£|ank accession No. 
M87280), Agrobacterium aurcmtiacum (GenBank accession No- D58420), Alcaligenes PC-1 
(GenBank accession No. D58422), Paracoccus marcusii MHl (GenBank accession No, 
Y15112), or the gram-negative bacteria E-396 (PERM BP-4283) (JP-A Hei 10-155497) 
30 having the P-carotene hydroxylase gene. ^ I 

t.;. ........ 1 ; \ 

• f .1 
: : • : ^ 
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Stm more preferably, said P-carotene hydroxylase gene can be obtained from Fltwobacteri- 
. urn sp. R1534 WT (ATCC21588) (Gen^anU accession No. U62808), or it can also be ob- 
tained as a DNA sequence which is substantially homologous thereto. 

The expression "a DNA sequence whidi is substantially homologlus" refers with respect to 
5 die DNA sequence encoding the p-carotene" hydroxylase to a DNA sequence which en- 
codes an amino acid sequence which showsjmore than 60%, preferably more than 70%, 
more prefe^rably more than 80%, and most preferably more than ^0% identical amino ' 
adds when-compared to the amino aci<l sequence of crtZ of Flavolacterium sp. RI534 WT 
(ATCC21588) and is the amino add sequerice of a polypeptide w^ich shows the same type . 
10 of enzymatic activity as the enzyme encoded by crtZ of Flavobact&ium sp. R1534 
WT(ATCC21588). i ' 



By using the p-carotene hydroxylase g^e, it is possible to render ^ microorganism belon g- 
ing to the g^us Phaffia an ability to prbduce zeaxanthin and P-c^^tpxanthin. The re- 
combinant miCTOorganism of Phaffia qqpressing a p-carotene hyd'roxylase gene can be pre- 
pared by the well-known recombinant technology. 1 



I 



The techniques usfed to isolate or doneja Dl^ encoding P-sarotehe hydroxylase of the 
present inv^tion are known in the art and indude isolation from^genomic DNA. The 
doning of 4ie DNA sequence of the pr^senrinvention from sudi genomic DNA can be 
effected by using the polymerase chain reacijon (hereinafter referred to as PGR) 

• ■ • " ] \ !■ " ■ • 

The isolated or cloned DNA encoding P-carbtene hydroxylase cai^ be preferably utilized 
after cloning on a suitable expression vecto^fox expression of the enzyme in the host 
microorganism P^iaj^o. j : | 

•'E3q»res5iori vector" indudes vectors which hce capable of expressihg DNA sequences con- 
tained therein where sudi sequences ar4 opelcably Unlced to other j^equences such as control 
sequences which are capable of effecting the;expression of said DfJA sequences in a micro- 
organism bdonging to Phaffta, The terjn "operably Unlced" refers to a juxtaposition where- 
m the components so described are in ^ relationship permitting them to Wtion in their 
intended manner. The term "control sequeAce'* is intended to indude, ataminimum. 
components whidi are necessary for expresrion of tiie gene of int^est. and may also in- 
dude additional advantageous compoi^nts-! Generally the controj sequences indude pro- 
moters, terminators and, in some instances, ^mhancers. tiansactiviitors. or transcription 
fectors. Constitutive promoters, sudi ^ thelglyceralddiyde-a-dehydrogenase (GAP) gene 
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promoter derived from P. rhodozyma (WO .97/23,633), maybe used to obtain constitutive 
expression: Inducible promoters can be alsb used in order to achieve an exactly-controlled 
expression. One of the examples for the inducible promoters is the promoter of genes en- 



coding heat shock proteins or amylase.^ene^ and the like. 



1 



Methods which are wdl known to thoste sWiled in the art may be iised to construct said 

i ' • 

expression .vectors. ! 

It is implied, although not explicitly stated, that expression vectors must be replicable in 
the host organisms either as episomes or as an integral part of a c^omosomal DNA. 
Generally, higher stability of the gene may Ise expected in the lattcJr case. To integrate the 
esqpression vector into the chromosome of t^ie host microorganism by a homologous re* 
combination, a vector is prepared to contain at least a portion of the DNA fragment whose 
sequence is.homologous to the host gehomib DNA, For this purpose, rDNA gene frag- 
ment can be effectively used in a microorganism belonging to Phaffia. The rDNA is a kind 
of satellite DNAs which exist in multicopies^ on the genome. By using the rDNA fragment 
15 as a targeting DNA on the expression vector, the objective DNA to be expressed on said 
vector can l3e integrated into the host genome, and also can exist as multicopies. This may 
give the gene dosage effects, which will ^ont^ibute to the overexpression of the objective en- 
zymes. In the Examples of the present invention, such rDNA fragment was conveniently 
used for this purpose. The invention is intended to include other forms of expression vec- 
20 tors which ierve equivalent functions and which are, or subsequently become, known. 

* ! i ? 

An isolated DNA sequence encoding ^-fcarotene hydroxylase mayl)e manipulated in a 
variety of ways to provide for expression of the polypeptide. Manipulation of the nudeo- 
tide sequence encoding said ^-carotene hydroxylase prior to its insertion into an expres- 
sion vector maybe desirable or nec:e$9aty depending on the es^ression vector. The techni- 
25 ques for modifying nucleotide sequences utilizing doning methods are well kno\m in Ae 



Recombinant DNA consisting of said gene of 3-carotene hydroxjdase which was cloned in 
the expression vector will be introduced into a host microorgams^. Metiiods for the 
introduction of foreign DNA into fungal celis including a microorganism bdongbig to 
\. 30 Phaffia are well known in the art Thes6 include, e.g., transformation by the LiO method, 
•: protoplast fusion, dectroporation, partide-gun methods which comprises bombardment 
by particles coated with DNAs, and other methods known in the art. In the Escamples of 
the present invention, the partide-gun ipethbd was applied as a transformation method 
. for P. rhodozymq. .... • ' i 

i • j 
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Jhe recombinant organism thus obtained is capable of ovcrc3q>r4sing the DNA sequence 
encoding R-carotene hydroxylase. Thus, thfe recombinant organism of the present inven- 
tion is useful in the production procesi of xknthophyll carotenoids, especially zeaxanthin 
and 0-cryptoxantbin. * < I 

5 A further aspect of the present invention is k biological process fof- producing zeaxanthin 
and 3-cryptoxanthin which comprises cultivating the rccombinait microorganism of 
Phaffia in the presence of substrate for .producing carotenoids in in aqueous nutrient 
medium under aerobic conditions, and isolating the resulting caritenoids from the cells of 
said recombinant im'croorganism or from the cultured broth. ? 

: : ? 

0 Carotenoidjf including the xanthophyllp arejnormally produced h\ cultivating a strain of 
Phaffia in a medium whieh comprises suitable macro- and microiiutrients for the cells, 
such as molasses, saccharose or ^ucos^ as aWbohydrate source ceU growth and alio as 
a substrate for producing carotenoids, fwd riitrogen sources such as corn steep liquor, 
yeast extract, diammonium sulphate, ajnmonium phosphate, ammonium hydroxide or 
urea, phosphorus sources such as ammoniuin phosphate and ph<iphoric acid and added 
micronutrients or mineral salts such as;magnesiam sulphate, zincWphate and biotin or 
desthiobiotin. : \ 



The preferable conditions for cultivation ar^ in a pH range of frorh 4 to 8 and in a tempe- 
rature range of from 15 to 26»C for 24 to 500 hours. I 

: . ■ ■ i '■ \ . • 

More preferable conditions for cultivation aU a pH in the range ojffrom 5 to 7 and in a 
temperature range of from 18 to 22'C for 48 to 350 hours. 1 

In the cultivation, aeration and agitation usually give fevorable results for the production 
ofcarotenoids. | | 

Once carotenoids were produced by cultivating the recombinant sWain of Phaffia using the 
metiiods of the present invention, the carotenoids can be isolated kther from the medium 
in the case they are secreted into tixe m^iui^. or from Ifae cells of (he microorganism and.' 
If necessary, separated from other carotenoids that may be present! in case one specific 
carotenoid is desired, by methods know^n in ;the art j 

Carotenoids produced in accordance with tlie present invention cL be used in a process 
for the preparation of food or feed. A rnan sblled in the art is familiar with such processes 
Such compound food or feed can fortiier copiprise additives or components generaUy used 
for such purpose and known in the sute of tke art • 
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The foUov^ng Examples.further illustrate the present invention, ljujt these are not thereby 
limiting the scope of title invention. I' { . I 

: . ' > 

The foUoxving materials and methdasv^e^mploye^ 

r * • 

I ; , * 

Strains ! • ' ] | 

P. rhodozvmaArcC96594. (re-deposited under the accession No.tATCC 74438 on April 8, 
199SpUTSuantto the Budapest Treat/) ; | 
P. rhodogymaATCCSfiM S (rg-HftpA^itiH nr^Ai^r th^ ^^^»^.;r.r^ j^TCC 74186 on 
Februaiy 18, 1999 pursuant to the Budapest Treaty) | 

^co/i'TQPlQ: r, moA, delta(mjT-fodRMS-;wcrBC), phiSO, delta(Wz Ml5). deIta(/flcX74), 
recAl, deoli araDl39, iata-leu)7697» |»riK, rpsL (Str'), eniA^, nupG (Invitrogen 
Corporation, Carlsbad, USA) ( 

■ ; ; i' ■ 

Vectors . j ;; I 

pCR2. 1-TOPO (Invitrogen Corporation, Carlsbad, USA) | 
pGEM-T (Promega Corporation, USA) - J 

: ■■ i ■ 

Methods : \ 

I . f 

Restriction enzymes and T4 DNA tigase were purchased from Tal^ra Shuzo (Ohtsu, 
Japan). [ ' ! . . 

Polymarase|chain reaction (PGR) was jJerfokicd with the thermal cyder from Perkin 
Elmer model 2400. Each PGR conditiok is described in examplesj PCR primers were pur- 
chased from a commercial supplier. Hiiorescent DNA primers for DNA sequencing were 
purchased from Pharmacia. DNA seqi^endng was performed with the automated fluores- 
cent DNA sequencer (ALFred, Pharmada). ; I 
An authentic sample for zeaxanfliin and p-<arotene was purchased from EXTRASYN- 
THESE*S,A.. (Genay Cedex. France) and WAJCO (Osaka, Japan), respectively, ^-c^ypto- 
xantiiin was' obtained from Roche Vitamins 'aG (Basle, Switxerland). 

• ;■ • ' . - 1 , . 

Example 1: . aoning of the ^-carotene hydroxybse gene (ertZ) from genomic DNA of 
. /%>vtf&actertum5p, ATCC21588 | 

: ; • ( ' 

At first genqmic DNA was prepared. Cells of Flavobacterium sp. 1^534 WT (ATCC21588) 
(US 6,124,113) were inoculated into a 50 ml medium containing lj% glucose, 1% tryptone 
(Difco Laboratories), 1% yeast extract (Difco), 0.5% MgS04, and 3% NaCl, and cultivated 
at 27»C under aerobic condition. Overnight:cukure (50 ml) was 4nirifiiged at 10,000 g 
for 10 min. The peUet was washed briefly with 10 ml of lysis buffet (50 mM EDTA, O.IM 
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Nad. pH 7.5), resuspended in 4 ml of.the same buffer supplemented with 10 mg of lyso- 
ryme and incubated at 37'*C for .15 miA. A^er addition of 0.3 ml|pf N-Lauroyl sarcosine 
(20%), incubation at 37'C was continued for another 15 min before extraction of DNA 
with phenol, phenol/chloroform and cWorpform. The DNA waslcHianol precipitated at 
5 room temperature for 20 min in the presence of 0.3 M sodium acUite (pH 5.2), fbUowed 
by centrifiigation at 10,000 g for 1 5 mih. tke pellet was rinsed with 70% ethanol, dried 
and resuspended in 1 ml of TE (10 mM Trii 1 mM EDTA, pH 8.0). Thus obtained 
genomic DNA was dialysed against HjO for 48 hours using colloiium bags (Sartorius, 
Germany), ethanol precipitated in the jiresence of 0.3 M sodium acetate and resuspended 
in H2O. Uiing the prepared genomic pNAjas template, a complete coding sequence for 
the P-carotene hydroxylase gene without oifcessive flanking regioA was obtained by PCR 
amplification using a thermal cycler (Perkiii elmer 2400, USA). The synthetic primere 
used were; PZl (SEQ ID NO:l)(havin^ a Stha I site i^SGg) an^ PZ2 (SEQ ID 
NO;2)(having a BamH I site GGATCC ). ( I . .. 

The PCR was performed using an Advinta^e^HF PCR Kit (CLONTECH Laboratories, 
Inc., USA). The PCR mixture was prepared according to the userjs manual described by 
the manufacturer. The initial templat^ denaturation step consisted of 1 min at 94«C. An 
amplification cycle of 30 seconds at 94';C arid 4 min at eS'C was repeated for 25 times. 
After additional 3 min reaction at 68*0. the reaction mixture was kept at 15»C. By this . 
reaction. DNA fi-agment containing a complete ORF of the P-carotene hydroxylase gene 
(522 bp) w^ ampKfied. This amplified P-cirotene hydroxylase gJne was ligatei with a 
pCR2.1-TOPO.vector and introduced into Rcoli TOP 10 cells by ysing a TOPO TA 
Cloning kit (Invitrogen Corporation. USA) kccording to an instruction manual prepared 
bythemanftfecturer. Several clones w^esdected for sequence analysis. Thesequence of 
the cloned P-carotene hydroxylase gene of ekch candidate done wU examined. One of the 
DNA dones that showed completdy the sa4e sequence as the p-cirotene hydroxjdase • 
sequence of Flavobacterium sp. ATCC2i588!(GenBank accession l^Io. U62868) was named 
as pTOPO-PZ#23N. A 522 bp Sma I / hnmii I fragment cut out 4am pTOPO-PZ#23N 
was used as a crtZ gene cassette of Flavobacterium sp. j 

' t 

Example 2: . Qoning of the p-caroterie hydroxylase gene (crtZ) from genomic DNA of 
■ Rherbicola ATCC3936S^ I * 

I 5 i 
Cdls of £. hefhicola (Escherichia vulneris) ATCC39368 were inoculated into a 10 ml . 
medium containing 1% tryptonc (Difco Labpratories), 0.5% yeast|eKtract (Difco). 0.5% 
Naa, and cultivated at 26»C under aerobic conditions. Overnight culture (10 ml) was 

i ; ! 
! • : :• ■ 

] f 
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centrifuged at 10,000 g for 10 min. The pellet was used for the genomic DNA preparation 
using a QiAGEN Blood & Cell Culture DNA Midi Kit (QIAGEN,5Germany) according to a 
protoco l prepared by the manufacturer. Using the prepared genomic DNA as template, a 



complete coding sequence for the 3-carotene hydroxylase gene without excessive flanking 
5 region was obtained by PGR amplification using a thermal cyclerf(Perldn elmer 2400, 
USA). The two synthetic primers used were EZl (SEQ ID NO:3)(having an Sma 1 site 
CCCGGG Und EZ2 (SEQ ID NO:4)(having an Sal I site GTCGAC). 
The PGR was performed using an Advantage-HF PGR Kit (CLONTECH Laboratories, 
Inc., USA). The PGR mixture was prepared according to the useij^s manual described by 

10 the manufacturer. The initial template deiiaturation step consistjed of 1 min at 94"G. An 
amplification cycle of 30 seconds at 94'*C and 4 min at SS^'C was rjepeated for 25 dmes. 
After additional 3 min reaction at SSI^Q^ the^reaction mixture was jkept at 15**C. By this 
reaction, DNA.firagment containing a complete ORE of the P-car9tene hydroxylase gene 
(543 bp) was amplified. This amplified 3-catotene hydroxylase gene was ligated with a 

15 pCR2-I-TOPO vector and introduced into JB.coK TOP 10 cells by using a TOPO TA 

Cloning kit (Invitrogen Corporation, USA): according to an instriictioii manual prepared 
by the manufacturer. Several clones were selected for sequence analysis. The sequence of 
the doned ^-carotene hydrox/lase genb of each candidate clone Was exsunined; One of the 
DNA clones that showed completely th[e same sequence as the ^-carotene hydroxylase 

20 sequence of K herbicola ATCC39368 (GenBank accession No. MsVaSO) was named as 
pTOPO-EZ#2. A 543 bp Sma J / Sail fragment cut out from pTdPO-EZ#2 was used as a 
crtZ gene cassette of £ /lerh'cola.. ) - I . 

• '[ i 

Example 3: • Preparation of components of the expression vector 

The components of the expression vector, a jG418 resistant gene, ijromoter and terminator 
25 region of glyceraldchyde-3-phosphate dehydbrogenase gene (hereinafter referred to as 
GAP) of P. rhodozyma, and rDNA fragment *of P. rhodozyma were-prepared. 
A G418 resistant gene cassette-was prepared -as follows. A Snc I- linker was ligated into the 
unique Hind HI site of the vector> pUO'G41.8 (US Patent No. 6,365386 Bl), which is 
harboring the G4i8 resistant gene cassette, and resulted vector was named as pG418Sa5 12. 
30 A IJ kb Kpn I / Sac I fr^agment cut out from' pG418Sa512 was used as a G418 resistant gene 
cassette. | , • : 

Each of the promoter and the terminator of GAP gene and the rDNA fragment was ob- 
tained by PGR using the genomic DNA:of P.^ rhodozyma ATCC 96594 as template. To 
obtain the genomic DNA, a QIAGEN Blood 8c Cell Culture DNA Midi Kit (QIAGEN, 

• c 

^ "" '■ ' I 1 ■" ' ~ 

t 

• I 
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Germany) was used^th the cells of P. rhochzyma ATCC 96594 Jbtained by overnight 
culture in YPD(DifcoLaboratori^) medium^ _ ; 

Using the prepared genomic DNA as * temi,iate. PGR xvas perfo^,ed using an Advanta^e- 
HFPCRKit(CLONTECHLaboratori..I.L.USA)andathe™i cyder (Per^^^^ 

The two syrthedc primm used to amplify the promoter .equenct of GAP were GAP»l 

.0 '^Jf^ ?-P|«« «««.und<» step ;,4.ed of 5 min at 94-cl An ampUfication cyde 
10 of 30 aeconds at 94-C 30 «con<b at SS'C. apd I min at 72-C wa. 'repeated for 25 timi 
After addition,, 10 at 7Z^i reaction nU«„re w,'. a. ;c By^' 

nactwn DNA.ftagment conuinfag GAP promoter (398 bp) amplified This 

£«hTOP10cdlsI^„smg.TOKJTAa9ningWtanvi,roge„eorpora«o„.USA). 
15 S««^don«w.sdectedforso,ueniea.iU,sis.The«,uenceifdiedonedGAP 
p«,«o.«rof each candidate done w«ea.ri„«LOneoftheDNld^^^ 

Ty^t" T"" " P~ ^'-M"" (Ge-Bank accession 

from pTOPO-pGAP2#l was used as the GAlPpn>moter cassette 

.^T^'f ^'^'"'^'°'^''**'*^'«»«l'«-«O^GAPw.reGAP«^ (SEQ 
tt, NO:7)(lpv.„g a B«„.HI-&,n sit, fia4KSSKSaO«.d G;^*4 (SEQ ID NO-8) 
(havingajaw.Isit tGGTArp) ■ i j j '■'^•""^■^> 

Th. PCR conations were the same as ^ose^fo, the GAP promot J describ«i above Br 

E«i.TOP OcdlsbyusingtheTOPOTAdoningWt Several cjoes were selected for 
^ce a.,^. ru «,ue„ce of the Con^ GAP terminator ofead. candidate dot 
^«.m.ned. 0« of «h. DNA dones. that showed complete,, th; same se,„«,„ as the 
,a S^lTT^rK f <°=-!»-* '««sion No. y08366) was named as pTOPO- 

T ^ hP^^HI/^l^n , ftagmenior . 2,«bp S.aUK^ I fragment „Mch ,«; 
cutoutftompTOPO-tGAWl ».5nseda,th.GAP.ermi„a.orcaltte 

two synthetic primer. ™ed to amplify th. rDNA fragment wefe R»l (SEQ ID NO-9) 
(havmga&ttIsitefi4GCII3andll#2rsprtmxir.,m/v • i 
gCGGCcr^^nAr.;::;:^ NOaOXhavmg ap>,<,r f-s^ , rf,. 

35 ^''^""dia„«w„.,h.s«n....hos.i.,h.GAPpromo,er:describ«^ By 
.h,sreac.»n.DNAftagmentco.,ainingtheiDNA(3mbp)was^Bfied.™sampU. 



fied the rDNA.was ligated with a pCR2.1-TpPO vector and introjiuced into Ecoli TOP 10 
cells by u^ihg the TOPO TA Cloning Iqt. Several clones were selected for sequence ana- 
lysis. The sequence of the cloned the rDNA of each candidate clone was examined. One of 



the DNA clones that showed completely the same sequence as the rDNA of PrrJf&do^mn 
5 (GenBank accession No. D31656> AF139632) was named as pTOPO-rDNA#l- A l960T>p 
Sac n / Not I fragment cut out from pTOPO-rDNA#l was used as the rDNA cassette. 

' .1 ' i 

Example 4: Construction of the ^ressibn vector carrying th4 p-carotcne hydroxylase 

gene (crfZ) obtained from Flayobacterium sp. or M herbieola 

■ ; i ! 

To construfct the expression vector carrying the crtZ of Flavobactenrium sp-, the rDNA 
10 cassette and" the iGAP promoter cassette (obtained in Example 3), ]the crtZ gene cassette of 
Flavobaaerium sp. (obtained in Example l)\ and the BamH I / Kpn I fragment of the GAP 
terminator cassette and the G418 resistant gene cassette (obtaine4 in Example 3) were 
aligned by ligation in this order using a pGEM-T as a backbone. The resulting expression 
vector was named as pRPZG-ptGAP2, i ^ | 
15 To construct the expression vector carf ying'the crtZ of E, herbicolii, the rDNA cassette and 
the GAP. promoter cassette (obtained in Example 3), the crtZ gene cassette of £ herbieola 
(obtained in Example 2), and SaZ I / Kpn 1 ^gment of the GAP t^minator cassette and the 
G418 resistant gene cassette (obtained in Example 3) were alignedtby ligation in this order 
using a pGEM-T as a backbone. Resulted expression vector was riamed as pREZG- 
20 ptGAP2. / • : ' I I 

: • . i 

Example 5: * Introduction of the expression vector carrying the ^-carotene hydroxylase 
! ' ' » 

gene (atZ) of FJavobacterium sp. or E. herbieola in'to P. rhodozyma 

\ ' \ \ \ 

Each of the expression vectors obtained in the Example 4, pRPZGjptGAP2 and pREZG- 

ptGAP2, carrying the crtZ gene of Flavobacthium sp. and R herbieola, respectivdy, was 
25 introduced intd P. rhodozyma ATCC 968l5,[a mutant strain producing P-carotene pre- 
dominantly by using Ae partide-gun niethoU as described in EP lU58,05U YPD-agar - 
medium containing 0.75 M D-sorbitol and D-mannitol» and 0.1 mg/ml of geneticin was 
used for direct selection of the recombinant strains* | 
As a result, hundreds of transformants whic^ were resistant to 0.1 -mg/ml geneticin were 
30 obtained by each of pRPZG-ptGAP2 and pREZG-ptGAP2, and asjeach transformants 



were selected randomly for further characterization. \ 

- \ \ 
! •; \ 

\ . > 
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Example 6| Characterization of the c^Z-recombinant strains 

The crtZ-,^ombinant.trainsofP.rM'>^«ATCC 96815 thus.U^^ 
in 50 ml production medium in 500 „^1 Erienmeyer flask ^vith .hiking at 20*C for 7 days 
after inoculation of .eed culture prepared ih 7 ml seed medium ii test tube (21 mm in 
5 di«neter)withshaki„gat20«'Cfor3d,ys. Appropriate volume cjf the culture broth was 
v^thdrawn a„d used for analysis of the! cell growth and the productivity of carotenoids 
Medium composition was as follows: ' i 

&^mriiBm: Giu<»«3o.o g/i, tm^Aj^tn. 1.0 en. jiigSC-THrfj 0.88 gfl 

N.a 0.06 g/l, aaa-2H,0 0.2 gn. KH-Vhtalau 20.0 grt. JeS0,-7H,O 28 mgrt. T^if ' 
10 d««„, Mutton 0.3 ™l. Vi«min stocl^ solutio,, l.S ml. (pH ™ idjurtrf at 5 4-5 6) 
i:^^«|e.rmit10l...ion : 4N- H,SO, 100 nj/i. dWc add-H,0 SO.rfgfl, Z„SO<-7H.O 1« 7 



V.tw;...W9rtr,ol. . TionfeTmiHni^dhm : 4li). H,S0. 17.5 mM, 4„.,„„si,ol 40.0 g/f. 
« N.co,.n,cac«l2.0gfl.Ca-D.p.ntofl«„)i,.2:0g/,.Viumi,B,(u4™„^^^^ 

A«™,l«„^c.cid 1.2 gfl. Vitan*. B.j(p,rid.:dneHa) 0.2 grt. B;iottn«ock«,la«o„ 8.0 

mi. * ' : J i 

totalofl00;mLIlieii,400mgofD-biotmW«re.dded [ 

0.865.^1, (NHJrfO.3.7gfl.FeSp,.7H^0.28gaT»«d4««,,.„,^„„ 4.2 

25 t^.V«an„„Bapynd<»cineHa)0.2gfl,Biotmseocksolu«OT30Ao,l 

.Apo^onofft.«.dcult„r.b™*ft5.„U)W,«n.fbr«i,0 47.U.f4ep™d«ctton 
m.d.„» in SOO ^ EH«n«,„ fla*. Tho, A. cav.tt» ^ sjted ., 20-0 

30 * fem,e„uno,. 2 „. of cul«.^ b„«. ^ «ia,d,.™ «.d p „d of 50 % gtac^ 
d,y.A*.,„«.«,day.anali,„o,offtec^^ 

the carotenoids production and the ceffgrowth. / "ysuoi 

For andpi. of ae cell gr„«h. optical in^t, a, 660 «m ™a n«.aWcd by uaing UV-iZOO 
35 photometer (Shimadzu Con.., Kyoto. Jipan). ! '^'«"8MV »2<» 
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For analysis of the content of p-carotepe, p-cryptoxanthin and z^anthin, the withdrawn 
broth was mixed with a solvent mixture (ediyl alcohol, hexane arid ethyl acetate) and 
carotenoi ds were extracted from the broth and the cel ls of P. rhodozyma by vigorous 



shaking with glass beads. After extraction, disrupted cells-and glass beads were removed by 
5 centrifugation and the resultant supernatant was analyzed by HPLC for the carotenoids 
content The HPLC condition$ used is as follows: HPLC column: Chrompack Lichrosorb 
si-60 (4.6 nun, 250 mm); Temperature: room temperature; Eluent acetone / hexane 
(18/82) add 1 ml / 1 of water to eluent; Injection volume: 10 jil, Flow rate: 2.0 od / minute; 



Detection: UVat 450 nm. | 

As a result, it was found that all recombinant strains (35 each traiisformants for two kinds 
of crrZ-expression vectors, pRPZG-ptGAP2:and pREZG-ptGAP2) jproduced zeaxanthin 
and P-cryptoxahthin without accumulation^ of a^ ^ . ' 

Fermentation profile of the representative 3; each recombinant strkins selected from the 
transformants ej^ressing crtZ gene of Flavobacterium sp. or crtZ gene of E. herbicota^ 
respectively, is shown in the Table together jvith that of their hostistrain (P. rhodozyma 



ATCC 96815)/ 



{ 



Table: Carotenogenesis and growth profile of the recombinant strkins in shake flask 
culture J ? i ' 



Strain 


Origin 
ofcrtZ 


CAROr 

(nig/1) 1 


CRYPTO 
(mg/1) 


ZEA 1 
(mgA) 


ASTA 
(nxg/1) 


OD 

at660iun 


PZ-7 


Plavobacteriuin • 
sp. 


4.7 i 

1 

) ^ 


3,5 


5.7) 


0.0 


46.3 


PZ-24 

1 


Flavobtuierium 
.sp. 


;7.1 J 

i f 
t 


2.7 




0.0 


48.3 


PZ-25 


Flavobacterium 
sp. 


.6.3 : 
•'i r 

• 


2.1 


I 


0.0 


48.3 


EZ-7 


B. herbicola 


.:3.3 , 


2.7 


2.2; 


0.0 


49.0 


EZ-13 


Rlierhieola 


!3.3 : 


2.8 


2.3; 

1 


0.0 


44.7 


EZ-14 


R herbieola 


.•3.6 . 

t 


3.1 


2.4: 


0.0 


45.9 


ATCC 96815 




10.2 ; 


0.0 


0.0:. 

2 


0.0 


51.9 



CARO: 3-carotene; CRYPTO: p-crypto-xanthin; ZEA: Zeaxanthiri; ASTA: Astaxanthih 

» 

20 As shown in the Table, conversion from p- carotene into P-cryptoxanthin and zeaxanthin 
was exemplified in all the Phaffia recombinant strains expressing drtZ gene of 
Flavobacterium sp. or crtZ gene of £. herbicola. \ 
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1. A process for producing zeajcanthin.-and P-cryptoxanthin which comprises cultivating a 
recombinant microorganism which is expressing a p-carotene hyjlroxjiase gene and 
belonging to the genui Xanthophylhmyces (piiaffia) in an aqueous nutrient medium under 
aerobic conditions, and isolating tiie result^ carotenoids from tHe.cdls of said 
recombinant microorganism or from the cultured broth. \ 



2. The process according to daim 1, wherein the recombinant microorganism is derived 
from Xanthophyllomyces dendrorhous (Phaffia rhodozyma) ATCC96815» or a mutant 

thereof > 

■ .1 . . _ . i 

10 3. The process according to claim 1 or % wljerein the ^-carotene hydroxylase gene is 
originated from a microorganism which is selected from the gTou|> consisting of 
microorganisms of the genera Flavobacteriupi, Erwinia, Agrohact^um, Akaligenes, and 

PrtrticoccMs. whidi are having the p-carotene hydroxylase gene. • , 

\ \ ■ \ . 

4. The process according to claim L or 2, wherein the P-carotene Hydroxylase gene is 

15 originated from a microorganism which is selected from the group consisting of 

Vtavohacterium sp. R1534 WT (ATCC21588), Envinia uredovora AtCC19^21, Erwinia 

herMeola ATCC39368, Agrobacterium awrantiacum, Alcaligenes PO-l, Paracoccus marcusii 

MHl, and a gram-negative bacteria E-396 (PERM BP-4283) whi4 are having the p- 

carotene hydroxjiase gene. \ ' ; 

; ■ t i ( ' 

: ' i 
20 5. The process according to claim 1 or 2, whferein the P-carotene tiydroxyiase gene is 

originated from Plavobactmum sp. R1^34 Wt (ATCC21588) or Ae DNA sequence of the 

P-carotene hydrojcylase gene is substantiallyhomologous thereto. I 

! ; I 

6. The process according to any one of dainis 1 to 5, wherein the prcarotene hydroxylase 

gene is expressed in the recombinant nucroorganism using the control sequences. 

' ■ \ 
25 7. The process according to any one of daims 1 to 6. wherein the ailtivation is carried out 

at pH range.from 4 to 8 and at a temperature range from 15 to 26°ip for 24 to 500 hours. 

8. The process according to daim 7, wherein; the cultivation is carded out at pH range 
from 5 to 7 and at a temperature range fromllS to 22'C for 48 to ^0 hours. 
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SEQUEMCE LISTING ; 
<110> Roche Vitamins AG ; ; 
<120> Production of zeaxanthin by .Phaf f ia 
<13 0> 3?yD R5225<1 60> 10 ^ * 



5 <170> Patentin version 3.1 



15 



20 



<210> 
<211> 

<:212> 



1 * 
26 - 



10 <213> Artificial 
I 

<400> 1 . 

cccgggatga gcacttgggc cgcaat 



<210> 
<211> 
<212> 



2 



<213> Artificial 
<400> 2 

ggatcctcat gtattgcgat ccgccc 



26 



26 



25 <210> 3 

<211> 26i 

<212> DNk 

<213> Artificial 



30 <400> 3 . 

cccgggatgc cagtaaatag tttaat 



26 



<210> 4 



1 



35. <2X1> 26 ! . . 

<212> DNA 

<213> Artificial 

<400> 4 

40 gucgacttat tcgggcgaag acgacg 

<210> 5 ' 

<211> 28 . 

<212> DNA 

<213> Artificial 
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<213> Artificial 



10 <400> 6 



cccggggatg gtaagagtgt cagaga 



20 



ggatccgtcg actaaacfirgc tctctccaaa cJc 



<2io> 8 : ' 

<21X^ 28 ' 

25 <212> DWA 

<213> Artificial 



35 



<400> 10 



I 



gcggccgcgri gcccatcccg cttcaccc 



<400> 5 I 
gcggccgctg gtgggtgcat gtatgtac ] ] 



<210> 6 . - ; } 

<211> 26 \ ■ f 

<212> DMA. ■ ; f j 



I 



<400> 7 , i • .5 

? 



<211> 20 I 

<:212> DMA- • I 

-5213> Artificial . : i J 

: . L - ,1 

gagctctcga gtggacggtg { . ' 

<210> 10- . ;* I 20 

<2ii> 28 • : f i • 

<212> DMA » * " * I 

<213> Artificial { i I 



28 



I 5 f t 26 

! ■ ■• f > • 

--o^ ? 

<210> 7 . ; J 

15 <211> 33; \ I „ I. . 

<212> DMA j ; i 

<213> Artificial ; ^ i 

k • .4 



33 



<400> 8 I > ' ' 

: . ■ ; i • ' • 

ggtaccttga tcagataaag atagagat i < i 

30 • J • 26 

<210> 9 ; • 



28 
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